INTRODUCTION
============

VPS13B (also known as COH1) is one of the VPS13 protein family members which consist of four mammalian members; VPS13A, VPS13B, VPS13C, and VPS13D \[[@b1-en-28-485]\]. Each of *VPS13* gene members except *VPS13D* has been shown to be associated with neurological disorders such as chorea-acanthocytosis and Parkinson's disease \[[@b2-en-28-485]--[@b4-en-28-485]\]. *VPS13B* is located on chromosome 8q22, and spans 864 kb of genomic DNA sequences with 62 exons encoding a putative transmembrane protein of 4,022 amino acids \[[@b1-en-28-485], [@b5-en-28-485]\]. VPS13B was shown to be involved in the maintenance and function of Golgi complex, neuronal outgrowth, adipogenesis, and glycosylation \[[@b5-en-28-485]--[@b9-en-28-485]\]. Mutations in *VPS13B* gene have been identified in individuals with Cohen syndrome, a rare autosomal recessive disorder \[[@b10-en-28-485]\]. Clinical features of Cohen syndrome involve developmental delay, intellectual disability, microcephaly, hypotonia, and more \[[@b11-en-28-485]--[@b13-en-28-485]\]. In addition, *VPS13B* mutations have been found in individuals with ASD, which is a group of neurodevelopmental disorders characterized by impaired social-communication, and repetitive behaviors and restricted interests \[[@b14-en-28-485], [@b15-en-28-485]\]. Among VPS13 families, only *Vps13a* mutant mice are available as a model for chorea-acanthocytosis \[[@b16-en-28-485], [@b17-en-28-485]\].

In this study, we generated the first rodent model of *Vps13b* mutation by using CRISPR/Cas9 system. *Vps13b* exon 2 deletion mice showed impaired motor activity and spatial learning, suggesting that the *Vps13b* mutant mice can be a useful model to investigate the mechanism underlying neurological deficits associated with Cohen syndrome and other *VPS13B*-related diseases.

MATERIALS AND METHODS
=====================

Generation of Vps13b exon 2 deletion mutant mouse
-------------------------------------------------

*Vps13b* mutant mice were generated by using CRISPR/Cas9 system (Macrogen, Inc). *Cas9* mRNA and single guide (sg) RNAs were microinjected to fertilized embryos of C57BL/6N mice. sgRNAs were designed to mark exon 2 of mouse *Vps13b* by using following sequences: 5′-ACGCTTAAATTTGAAGATGCTGG-3′ and 5′-CGAGTTAAAGTTGGACGTTCTGG-3′. Among 17 pups, deletion of *vps13b* was affirmed in 9 mice by mismatch sensitive nuclease (T7E1) assay. Sequences used for T7E1 assays were 5′-GCCAAGCTTCCTGAGAAGTG-3′ and 5′-ACGAG-GCAAAAAGCCTTGTA-3′. Mutations were confirmed by Sanger sequencing analyses. One of the male founder (\#45) concealing 156bp deletion in exon2 was selected for breeding. The founder was crossed with wild type female mouse (C57BL/6N) to obtain heterozygous mutants. Male and female heterozygous mutants were crossed to obtain homozygous mutants. Each genotype was identified by PCR using primers used for T7E1 assay. Mice were bred up on a 12 h--12 h light-dark circadian cycle, and all behavioral experiments were conducted during the light phase. Food and water were always provided *ad libitum*. All experiments in this study were approved by the Institutional Animal Care and Use Committees at Seoul National University (SNU-130725-6).

RNA isolation, cDNA synthesis, RT-PCR, quantitative real-time PCR
-----------------------------------------------------------------

RNA isolation method was previously described \[[@b18-en-28-485], [@b19-en-28-485]\]. Briefly, RNA was extracted from hippocampus of wild type mice, *Vps13b* heterozygous and homozygous mutant mice, respectively. Hippocampal tissue was homogenized with TRIZOL reagent (Invitrogen) and bead using Tissue lyser. Total RNA from tissue lysate was prepared using RNeasy MiniElute kit (Qiagen).

RT-PCR was performed as previously described \[[@b20-en-28-485]\]. Briefly, cDNA was synthesized by using SuperScriptIII and random hexamers following manufacturer's instructions (Invitrogen). Quantitative real-time (qRT)-PCR was conducted with SYBR Premix Ex TaqII (Cat. \# RR820A, Takara) and 7300 Real-Time PCR system (Applied Biosystems). Primers for *Vps13b* used in quantitative and conventional RT-PCR were shown in [Table 1](#t1-en-28-485){ref-type="table"}. Primers for *Gapdh* were 5′-GGAGCGAGATCCCTCCAAAAT-3′ and 5′-GGCT-GTTGTCATACTTCTCATGG-3′.

Behavioral analysis
-------------------

We used 2\~5 month-old male (25\~33 g) and female (18\~22 g) mice for the behavioral experiments. Since we did not find any significant difference between male and female, we merged the results from both sexes. Behavioral analyses were performed by a test battery in a single cohort as the following order. Mice were tested in open field, elevated zero maze, light-dark box and Y-maze on consecutive days. After Y-maze, mice were handled for 5 days and trained in Morris water maze. Three days after finishing the water maze task, mice were trained for fear conditioning test. Three chamber test was performed 19 days after the fear conditioning test. Rotarod test was independently performed in a different cohort. The genotypes of the mice were blinded to the experimenters.

### Open field test

Procedure for open field test was previously described \[[@b21-en-28-485]\]. Mice were placed in the center of open field box (40×40×40 cm) under dim light. Free movement of the mice were recorded for 30 min and analyzed by tracking software, EthoVision 9.0 (Noldus).

### Elevated zero maze test

Elevated zero maze test was performed as described \[[@b22-en-28-485]\]. The maze (round-shaped, inner diameter: 50 cm, outer diameter: 60 cm, height of two walls: 20 cm) includes two close arms and two open arms, elevated to a height of 65 cm above the floor. Mice were placed in the center of the one closed arm, and allowed to move all arms freely for 10 min under bright light. The time spent in each arms was analyzed by EthoVision 9.0 (Noldus).

### Light-dark box test

Specific experimental procedures were previously described \[[@b19-en-28-485], [@b23-en-28-485]\]. Briefly, light-dark box apparatus includes both light and dark chambers adhered to each other, and the mice could move freely from one another through the gate. The illumination of light chamber (20×30×20 cm, a large compartment) was 404 -- 408 lux, while dark chamber (20×13×20 cm, a small apartment) was fully blocked from illuminator. Mice were first introduced to the dark chamber, and free movement between two chambers was recorded for 10 min. The time spent in each chamber was manually and blindly counted.

### Y-maze test

We followed the protocols previously described \[[@b24-en-28-485]\]. Mice encountered to the center of the Y-maze with three identical arms at a 120^o^ angle from each other under dim light. The movement was recorded for 8 min. Each arm was 30 cm long, 6 cm wide, and 15 cm height. The sequence of entries and the total number of each arm entries were recorded, and manually and blindly counted.

### Morris water maze test

Test was performed as previously described \[[@b22-en-28-485], [@b24-en-28-485]--[@b27-en-28-485]\]. Briefly, mice were handled for 3 min for 5 successive days. Mice were trained in a swimming pool (140 cm diameter, 100 cm height) filled with a soluble white paint with multiple spatial cues on the walls of the test room. The temperature of the water was 21\~22 degree of Celsius. Mice were released from four edges of the maze respectively, and allowed to find the hidden platform (round-shaped, 10 cm diameter), which was placed at the center of a target quadrant (TQ), within 60 s. Mice were trained with 4 trials (start swimming from four different edges of the maze) per day. Probe tests were conducted at day 7 and 11 with an absence of the platform, and training was not performed on the probe test days. The visual platform test was performed by placing a black flag on the platform after finishing hidden platform version of water maze test. The time spent in each quadrant and mean velocity were scored by EthoVision 9.0 (Noldus).

### Contextual fear conditioning

Mice were trained and tested as formerly described \[[@b20-en-28-485], [@b25-en-28-485]\]. For conditioning, mice were located in the conditioning chamber (Coulbourn Instruments) for 3 min, and an electrical foot shock (3 s, 0.8 mA) was given through the floor grid. After the conditioning, mice went back to the home cages. After 24 h later, mice were disclosed to the same chamber for 3 min without a shock to recognize whether mice remember electric shock (fear memory) or not. Freezing level was automatically quantified by a software (Freeze Frame, Actimetrics).

### Three chamber test

Sociability and social novelty recognition tests were conducted as previously described \[[@b19-en-28-485]\]. An apparatus we used had three sequential chambers and each chamber was connected with gates. For sociability test, a mouse (stranger 1) and an object were placed in a wired-cup sitting in two end chamber of the apparatus. A test mouse was placed into the center chamber and allowed to move whole apparatus for 10 min. For social novelty recognition test, the object was replaced to another mouse (stranger 2), with which test mouse had not met ever, and the test mouse was introduced and allowed to explore between stranger 1 and 2. The time spent exploring object, stranger 1, or stranger 2 was manually counted.

### Rotarod test

Detailed experimental procedures were previously described \[[@b28-en-28-485]\]. Mice were habituated to the rotarod apparatus (LE8200, Harvard apparatus) slowly accelerated from 4 to 20 rpm over 11 min for two days. On the test day, the rod was accelerated from 4 to 40 rpm over 5 min and the latency to fall off the rod was recorded. The test was replayed for 3 days and the average time to fall was analyzed.

### Statistical analysis

Data were analyzed followed procedures previously defined \[[@b29-en-28-485]\]. Statistical comparisons were made by using unpaired *t*-test for pairwise comparison and one-way or two-way ANOVA for multiple comparisons with appropriate post-hoc tests. In all cases, statistical significance was represented by \*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001. All data shown are mean±SEM. All the data were analyzed by using a software (GraphPad Prism 5).

RESULTS
=======

Generation of Vps13b mutant mice
--------------------------------

To model *VPS13B*-assoaicted disorders in rodent, we generated a *Vps13b* exon 2 deletion mutant mouse by using CRISPR/Cas9 system \[[@b30-en-28-485]\]. Single guide RNAs (sgRNAs) targeting the exon 2 of the *Vps13b* gene containing the start codon were injected into the mouse embryos (C57BL/6N background) together with Cas9 mRNA. Deletion mutants were screened by the mismatch sensitive nuclease assay and the deletions were found in 9 out of 17 mice. We selected a line harboring a 156 bp deletion around the start codon by performing Sanger sequencing ([Fig. 1A](#f1-en-28-485){ref-type="fig"}). Genotypes were confirmed by PCR in which three genotypes were clearly distinguished ([Fig. 1B](#f1-en-28-485){ref-type="fig"}). Heterozygous mice were crossed each other to obtain wild type (WT), heterozygous and homozygous mutant mice. We confirmed that the exon 2 is deleted in *Vps13b* mRNA in the hippocampus of *Vps13b^2^*^−/−^ mice, while the transcript level is reduced by half in *Vps13b^2^*^+/−^ mice ([Fig. 1C](#f1-en-28-485){ref-type="fig"}). We found that other exons are normally expressed ([Fig. 1D and 1E](#f1-en-28-485){ref-type="fig"}), suggesting that the deletion of exon 2 does not decrease the stability of the mutant mRNA.

Hypoactivity and impaired motor coordination in Vps13b^2−/−^ mice
-----------------------------------------------------------------

We investigated the behavioral phenotypes of the *Vps13b^2^*^−/−^ mice in a series of analyses. Firstly, mice were subjected to open field test to examine the basal motor activity ([Fig. 2A\~C](#f2-en-28-485){ref-type="fig"}). *Vps13b^2^*^−/−^ mice travelled the less distance during the test under dim light than WT littermates, suggesting that the *Vps13b^2^*^−/−^ mice might be hypoactive ([Fig. 2A and 2B](#f2-en-28-485){ref-type="fig"}). The time spent in the peripheral and the center of the arena were not different between genotypes, suggesting that the mutant mice show comparable anxiety level to WT littermates ([Fig. 2C](#f2-en-28-485){ref-type="fig"}). Anxiety-like behavior was further examined in zero maze and light-dark box, where *Vps13b^2^*^−/−^ and WT mice showed comparable performance, confirming that *Vps13b^2^*^−/−^ mice show normal anxiety-related behaviors ([Fig. 2D and 2E](#f2-en-28-485){ref-type="fig"}). To evaluate the motor coordination, the mice were tested on the accelerating rotarod. *Vps13b^2^*^−/−^ mice fell off earlier than WT mice, suggesting that the motor coordination is impaired in *Vps13b^2^*^−/−^ mice compared to WT littermates ([Fig. 2F](#f2-en-28-485){ref-type="fig"}).

Impaired spatial learning in Vps13b^2−/−^ mice
----------------------------------------------

We examined the *Vps13b^2^*^−/−^ mice in different types of learning and memory tests ([Fig. 3](#f3-en-28-485){ref-type="fig"}). Working memory was assessed in Y-maze task, where the normal mice show spontaneous alterations among three arms ([Fig. 3A](#f3-en-28-485){ref-type="fig"}). *Vps13b^2^*^−/−^ mice showed the percentage of alteration comparable to that of WT littermates, suggesting that working memory assessed in Y maze is intact in the mutant mice ([Fig. 3A](#f3-en-28-485){ref-type="fig"}). Hippocampus-dependent associative memory was assessed by using contextual fear conditioning paradigm ([Fig. 3B](#f3-en-28-485){ref-type="fig"}). The freezing levels were comparable between genotypes when the memory was tested either 1 day or 4 weeks after training, showing the recent (1 day) and the remote (4 weeks) contextual fear memory are intact in *Vps13b^2^*^−/−^ mice ([Fig. 3B](#f3-en-28-485){ref-type="fig"}).

Next, we assessed hippocampus-dependent spatial learning and memory by testing the mice in the Morris water maze test. In the hidden platform version of this task, mice were trained to learn spatial cues around the maze to find a platform hidden under the water during training sessions ([Fig. 3C](#f3-en-28-485){ref-type="fig"}). Hippocampus-dependent memory can be assessed in probe tests in which the platform is removed. We trained the mice for 10 days and preformed probe tests at day 7 and day 11 ([Fig. 3D and 3E](#f3-en-28-485){ref-type="fig"}). *Vps13b^2^*^−/−^ mice showed significantly longer latency to find the platform during training sessions, suggesting that the spatial learning is impaired in the mutants ([Fig. 3C](#f3-en-28-485){ref-type="fig"}). In the first probe test (P1), *Vps13b^2^*^−/−^ mice did not search selectively in the target quadrant where the platform was located during training sessions ([Fig. 3D](#f3-en-28-485){ref-type="fig"}). Even with additional trainings, *Vps13b^2^*^−/−^ mice did not spend significantly more time in the target quadrant in the second probe test (P2) \[[Fig. 3E and 3F](#f3-en-28-485){ref-type="fig"}\]. Importantly, although the mutant mice were hypoactive in open field test ([Fig. 2](#f2-en-28-485){ref-type="fig"}), swimming speeds during the probe tests were not different between genotypes ([Fig. 3G](#f3-en-28-485){ref-type="fig"}). Furthermore, *Vps13b^2^*^−/−^ mice showed comparable performance to WT littermates in the visible platform version of the water maze wherein a visible flag was placed on top of the platform, demonstrating that the mutant mice are not impaired in motivation, visuomotor function required to perform the water maze task ([Fig. 3H](#f3-en-28-485){ref-type="fig"}).

Normal social behavior in Vps13b^2−/−^ mice
-------------------------------------------

Since *VPS13B* mutation was found in an autism patient \[[@b15-en-28-485]\], we examined whether *Vps13b* exon 2 deletion mutation affects social behaviors in mice by using three-chamber test. Social preference and social novelty recognition were examined ([Fig. 4A](#f4-en-28-485){ref-type="fig"}). Both WT and the mutant mice showed significant preference to a novel mouse over a novel object and showed comparable sociability index ([Fig. 4B](#f4-en-28-485){ref-type="fig"}). Also, the mutant mice were not impaired in social novelty recognition test ([Fig. 4C](#f4-en-28-485){ref-type="fig"}). Taken together, *Vps13b* exon 2 deletion did not affect social behaviors in mice.

DISCUSSION
==========

We have generated the first mouse model of *Vps13b* exon 2 deletion and examined behavioral phenotypes of the mutant mice. Major phenotypes are abnormalities in motor behaviors and spatial learning. *Vps13b^2^*^−/−^ mice showed hypoactivity in the open field test. Motor coordination was further examined in the rotarod test, where the mutant mice showed clear deficits compared to WT littermates. These results suggest that *Vps13b* exon 2 deletion mutant may recapitulate motor deficits in Cohen syndrome patients such as hypotonia and motor clumsiness \[[@b13-en-28-485]\]. However, we could not find any morphological changes including microcephaly, retinal dystrophy and gross developmental delay in *Vps13b^2^*^−/−^ mice compared to WT mice, which might be stemmed from great phenotypic variability even among human patients. In this study, we generated the *Vps13b* mutant by CRISPR/Cas9-mediated gene deletion. Mutant mice by knocking-in specific alleles identified in the human patients might recapitulate more features shown in Cohen syndrome. *Vps13b* is highly expressed in cerebellum (<http://mouse.brain-map.org/gene/show/156104>), a primary brain area controlling motor coordination and motor learning \[[@b31-en-28-485]\]. Interestingly, a recent study reported cerebellar hypoplasia in Cohen syndrome patients \[[@b32-en-28-485]\]. Further studies are required to examine if *Vps13b* exon 2 deletion affects cerebellar functions in mice.

*Vps13a* mutant mice have been generated as a chorea-acanthocytosis mouse model \[[@b17-en-28-485]\]. Chorea-acanthocytosis is a neurodegenerative disorder showing Huntington disease-like symptoms along with acanthocytosis in erythrocyte, which is associated with mutations in *Vps13a* \[[@b33-en-28-485], [@b34-en-28-485]\]. Interestingly, *Vps13a* mutant mice lacking exon 60 and 61 showed deficits in motor function in the open field and rotarod test, which are similar to behavioral phenotypes of *Vps13b^2^*^−/−^ \[[@b17-en-28-485]\]. *Vps13a* mutant mice also showed significant deficits in social interaction \[[@b17-en-28-485]\], whereas *Vps13b^2^*^−/−^ mice showed normal social behaviors. However, the behavioral and other phenotypes in *Vps13a* mutant were sensitive to the genetic background of the mice \[[@b16-en-28-485]\], suggesting that it would be worthwhile to examine phenotypes of *Vps13b^2^*^−/−^ in another genetic backgrounds.

Although the *Vps13b^2^*^−/−^ mice showed deficits in motor tests, the mutant mice performed normally in the visible platform version of the water maze, which enabled us to examine the spatial learning and memory of the mutant mice in the hidden platform version of the water maze. It is common that the motor phenotypes of a mutant mouse are different depending on the behavioral tests and environmental condition probably because each task requires different aspects of motor skills and motivation. We found that *Vps13b* exon 2 deletion significantly impaired learning in the water maze. *Vps13b^2^*^−/−^ mice took significantly more time to find the hidden platform during training. Consistently, *Vps13b^2^*^−/−^ mice did not show selective search in the target quadrant during the probe tests, demonstrating that *Vps13b* mutation significantly impairs spatial learning and memory. Interestingly, the mutant mice showed comparable performances to WT littermates in contextual fear conditioning test which is another hippocampus dependent task. The discrepancy may be derived from the differences between two tasks. Morris water maze is more complex and demanding behavioral task which requires multiple training sessions compared to the fear conditioning which is a simple one time associative learning \[[@b35-en-28-485], [@b36-en-28-485]\]. In addition, fear conditioning also involves emotional circuits including amygdala which may not be severely affected in the mutant mice \[[@b37-en-28-485]\]. Further electrophysiological studies such as examining synaptic plasticity in the hippocampus may reveal mechanisms for spatial learning and memory deficit in *Vps13b* mutant mice and shed light into understanding the pathophysiology of learning disability associated with Cohen syndrome.
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![Generation of *Vps13b^2^*^−/−^ mice. (A) A schematic view of the CRISPR/Cas9-mediated generation of *Vps13b* mutant mice lacking exon 2. The nucleotide and amino acid sequences of wild type (WT) and mutant alleles are shown. The start codon (ATG) is indicated in red and the targeting sites for sgRNAs are underlined in blue. (B) A representative PCR genotyping result for *Vps13b* WT and mutants. (C) Relative *Vps13b* mRNA levels in the hippocampus of wild type, heterozygous and homozygous mutant mice measured by quantitative RT-PCR spanning exon 2--3. The mRNA levels were normalized by *Gapdh* mRNA levels. *Vps13b^2^*^+/+^, n=3 mice; *Vps13b^2^*^+/−^, n=2 mice *Vps13b^2^*^−/−^, n=4 mice. Experiments were triplicated. Data were represented as mean±SEM. (D) Schematics of genomic DNA and mRNA of *Vps13b*. The target sites of the primers used for RT-PCR are indicated by red arrows. (E) Conventional RT-PCRs were performed by using primers targeting different exons as indicated and cDNAs synthesized from total RNA extracted from the hippocampus. Note that primers targeting exons 2--3 did not produce any PCR product in *Vps13b*^2−/−^ as shown in (C). Consistently, primers targeting exons 1--4 produce the shorter PCR product, confirming that the exon 2 is deleted in *Vps13b*^2−/−^.](en-28-485-g001){#f1-en-28-485}

![Reduced activity and impaired motor coordination in *Vps13b^2^*^−/−^ mouse. (A) Distance moved measured in 5-min intervals across the 30-min test session in open field test (WT: n=9 mice; *Vps13b^2^*^−/−^: n=12 mice; two-way ANOVA, genotype x time, *F* ~5,95=~0.23, p=0.948; effect of genotype, *F* ~1,95=~5.04, p=0.037; effect of time, *F* ~5,95~=18.30, p\<0.0001). (B) Total distance moved in open field test (WT: 10940±685.0 cm, n=9 mice; *Vps13b^2^*^−/−^: 9083±452.4 cm, n=12 mice; unpaired *t*-test, \*p\<0.05). (C) Time spent in peripheral (40 cm) and center (20 cm, 10 cm) zones in open field test (WT: n=9 mice; *Vps13b^2^*^−/−^: n=12 mice; two-way ANOVA, genotype x zone, *F* ~2,38=~0.01, p=0.990; effect of genotype, *F* ~1,38=~0.23, p=0.639). (D) Upper, Elevated zero maze apparatus. Lower, Time spent in closed and open compartment (WT: n=9 mice; *Vps13b^2^*^−/−^: n=12 mice; two-way ANOVA, genotype x sector, *F* ~1,19=~0.42, p=0.524; effect of genotype, *F* ~1,19=~1.86, p=0.189; effect of sector, *F* ~1,19=~54.49, p\<0.0001). (E) Upper, Light dark box test apparatus. Lower, Time spent in lit area (WT: 54.98±15.04 s, n=9 mice; *Vps13b^2^*^−/−^: 32.79±10.29 s, n=12 mice; unpaired *t*-test, p=0.223). (F) Upper, Rotarod test apparatus. Lower, Latency to fall in accelerating (4 to 40 rpm across 5 min) rotarod test (WT: n=9 mice; *Vps13b^2^*^−/−^: n=9 mice; unpaired t-test, \*p\<0.05). Latency measured in three repeated trials were averaged. Data were represented as mean±SEM.](en-28-485-g002){#f2-en-28-485}

![Spatial learning and memory deficit in *Vps13b^2^*^−^*^/^*^−^ mouse. (A) Alternation percentage in Y maze test (WT: 51.67±5.40%, n=9 mice; *Vps13b^2^*^−^*^/^*^−^: 53.59±4.66%, n=12 mice; unpaired *t*-test, p=0.790). (B) Freezing levels in contextual fear conditioning. Freezing during pre-training test, retrieval 1 (recent), and retrieval 2 (remote) were tested (WT: n=9 mice, *Vps13b^2^*^−^*^/^*^−^: n=11 mice; two-way ANOVA, genotype x condition, *F* ~2,54=~0.15, p=0.862; effect of genotype, *F* ~1,54~ = 1.27, p=0.265; effect of condition, *F* ~2,54=~16.31, p \<0.0001; Bonferroni posttests, NS: not significant). All data shown are mean±SEM. (C) The learning curve showing escape latency during training sessions (WT: n=9 mice, *Vps13b^2^*^−^*^/^*^−^: n=12 mice; two-way ANOVA, genotype x time, *F* ~8,152=~2.69, \*\*p\<0.001, effect of genotype, *F* ~1,152=~4.06, p=0.058, effect of time, *F* ~8,152=~4.100, \*\*\*p \< 0.0001). (D) Time spent in each quadrant in probe test 1 at day 7 (WT: n=9 mice; *Vps13b^2^*^−^*^/^*^−^: n=12 mice; one-way ANOVA: WT, \*\*\*p\<0.0001; *Vps13b^2^*^−^*^/^*^−^, p=0.106). (E) Representative swimming traces of WT and *Vps13b^2^*^−/−^ mice during the probe test at day 11. (F) Time spent in each quadrant in probe test 2 at day 11 (WT: n=9 mice, one-way ANOVA: WT, \*\*\*p\<0.0001; *Vps13b^2^*^−^*^/^*^−^: n=10 mice, p=0.242). (G) Mean velocity at probe test 1 (WT: 17.13±1.493 cm/s, n=9 mice; *Vps13b^2^*^−^*^/^*^−^: 14.86±1.522 cm/s, n=12 mice; unpaired *t*-test, p=0.311). (H) The escape latency in visible-platform version of the water maze (WT: 9.039±2.847 s; n=9 mice, *Vps13b^2^*^−^*^/^*^−^: 10.56±3.004 s, n=12 mice; unpaired *t*-test, p=0.725). All data shown are mean±SEM.](en-28-485-g003){#f3-en-28-485}

![Normal social behavior in *Vps13b^2^*^−/−^ mouse. (A) Schematics for social preference and social novelty recognition test in three-chamber test. (B) Sociability index was calculated by \[Time spent interacting with object-stranger 1\]/\[Time spent interacting with object+stranger 1\] (WT: 0.53±0.06, n=9 mice; *Vps13b^2^*^−^*^/^*^−^: 0.47±0.05, n=12 mice; unpaired *t*-test, p=0.516). (C) Sociability novelty index was calculated by \[Time spent interacting with stranger 1-stranger 2\]/\[Time spent interacting with stranger 1+stranger 2\] (WT: 0.16±0.06, n=9 mice; *Vps13b^2^*^−^*^/^*^−^: 0.10±0.08, n=12 mice; unpaired *t*-test, p=0.571). NS, not significant. All data shown are mean±SEM.](en-28-485-g004){#f4-en-28-485}

###### 

Primer sequences for RT-PCR

  ----------------------------------------------------------------------------------------
  *Vps13b*      Sense primer (5′ 3′)        Antisense primer (5′ 3′)   Product size (bp)
  ------------- --------------------------- -------------------------- -------------------
  Exon 1--4     1:TCCAGCCTCTCTGCCTACTC      5:CGGGGTTTTATGGATGATTTT    424 bp (intact)\
                                                                       268 bp (del)

  Exon 2--3     2:CGAGTTAAAGTTGGACGTTCTGG   3:AGGTTCGGAGCCCAATTTTGT    115 bp

  Exon 3--4     4:AGTGGCCATATCCATGAACTG     5:CGGGGTTTTATGGATGATTTT    194 bp

  Exon 22--23   6:CAGTAAAGAGTCTCACGCTACAG   7:TGTTCCAGGGATGTCACCAGA    110 bp
  ----------------------------------------------------------------------------------------
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